Abstract. In this work results of nitrogen doping in the amount of 0 vol.%, 3 vol.% and 10 vol.% on the growth of the 4H polytype on the 6H-SiC seed are presented. SiC crystals grown by the PVT method on the (000-1) C-face of 6H seeds using the open seed backside design have been investigated. Structural and electrical properties of the crystals were studied by different experimental methods. The influence of nitrogen dopant on the 4H-SiC polytype stabilization was observed. For SiC with 10 vol.% of nitrogen doping the 4H polytype uniformity was ~95%.
Introduction
In general nitrogen is a basic residual dopant in silicon carbide and it determines the n-type of electrical conductivity of SiC [1] . It has also an impact on growth conditions during the growth of crystals by the PVT method [2] [3] [4] . Nitrogen doping changes the surface energy and morphology by a reduction of the height and width of crystallization steps. This prevents the 3D-growth on a flat and smooth growth surface as a facet and may confine generation of the foreign polytype inclusions. When the 6H → 4H-SiC transition occurred, a further growth of the 4H polytype with nitrogen doping is more stable. In this work we investigate the aspect of nitrogen doping regarding the kind of polytypes obtained in SiC crystals, as well as their structural quality and electrical properties. As a reference, undoped SiC crystals are also studied. This work is a continuation of our earlier research on the 6H → 4H polytype transformation [5] [6] [7] .
Experimental
SiC crystals were grown by the PVT method on the (000-1) C-face of 6H-SiC seeds using the open seed backside design. The density of micropipes in these seeds was below 80 cm -2 . The temperature measured at the backside of the seeds was in the range of 2150-2300ºC. The growth atmosphere was pure argon (for undoped crystals) or it consisted of a mixture of argon and nitrogen. The total pressure was 40 mbar. The initial source to seed distance was 40 mm. The growth rate of SiC crystals was ~0.15 mm/h.
The morphology and the crystalline structure of SiC growth surfaces were studied by optical microscopy, KOH etching and X-ray diffraction (XRD). The concentration of nitrogen atoms in crystals was determined by secondary ion mass spectroscopy (SIMS). The resistivity of samples cut from the crystals was evaluated by the contactless method at microwave frequencies (M-F) at 300 K. The type of electrical conductivity and charge carrier concentrations were estimated from Hall effect measurements.
Results and Discussion
While in the literature are reported many experimental results concerning the growth of 4H polytype on 4H-SiC seeds in the presence of nitrogen dopant [1] [2] [3] [4] , our studies are focused on the effect of nitrogen doping on the 4H polytype stabilization in SiC crystals grown on 6H-SiC seeds. In general, the authors report the greater amount of 4H polytype in crystals with higher nitrogen concentration [4] . For our undoped and SiC:N (3 vol.%) crystals we observed a mixture of 4H, 6H and 15R polytypes (Fig. 1a, c) , while for the crystal with 10 vol.% of nitrogen doping (Fig. 1b) the 4H polytype uniformity is around 95% (the identity of polytypes was determined from XRD diffraction patterns, which are not shown here). Thus, our observations are in agreement with reports in the literature mentioned above.
Generally it is known that 4H-SiC crystals are grown on the carbon face and 6H-SiC crystals on the silicon face of the crystal seed. There is a difference in binding energy values for the C and Si faces. There can be three possible reasons for the 6H → 4H polytype transformation: (i) 4H-SiC nucleation on defects, (ii) bunching of crystallization steps, and (iii) specific thermodynamic conditions [8] [9] [10] [11] . It is possible that in growth conditions favorable for the 4H polytype, the 6H → 4H transformation can proceed successfully already in the first phase of the growth process.
One of problems connected with 6H to 4H polytype transformation is the nucleation of 15R polytype, which can result in generation of polytype borders and defects in the form of micropipes. The 15R-SiC crystallizes in different crystallographic structure than 4H-and 6H-SiC, so the polytype boundaries between the 4H-, 6H-and 15R-SiC are not structurally matched. During the crystal growth these boundaries move on the growth surface resulting in degradation of the structural quality of the entire growth surface. In our experiments, with the increase of the nitrogen dopant in argon atmosphere, we observed a stable growth of 4H-SiC and a diminished nucleation of 15R polytype. As a consequence, the structural quality and density of micropipes in 4H-SiC wafers were similar to those in 6H-SiC seeds used for the growth. 
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The morphology of 4H-SiC growth surfaces and the main crystalline defects have been studied by optical microscopy (Fig. 2b, d ). The bunching of crystallization steps, nucleation of screw dislocations and 3D growth on flat surfaces were observed. In comparison with undoped SiC crystals, for 4H-SiC:N (10 vol. %) crystals a stable growth was observed, which means the growth surfaces were free of foreign polytype inclusions.
In order to evaluate the density of micropipes and dislocations, chemical etching in molten KOH (T = 420ºC, t = 20 min) was used. For undoped SiC crystals the micropipe and dislocation densities of < 150 cm -2 and ~6 x 10 4 cm -2 (Fig. 3b) were found, while for SiC:N (10 vol.%) crystals they were calculated to be < 80 cm -2 and ~2 x 10 4 cm -2 (Fig. 3c) , respectively. A worse structural quality of undoped crystals was due to the lack of their polytype stability. SIMS analysis of 4H-SiC samples cut from undoped and nitrogen doped crystals allowed to detect the nitrogen and common residual impurities of SiC, such as boron and aluminium (Fig. 4) . Nitrogen concentration taken from SIMS data was: 2 x 10 18 cm -3 for undoped SiC, 1 x 10 19 cm -3 for SiC:N (3 vol.%) and 2 x 10 19 cm -3 for SiC:N (10 vol.%). Electrical properties of 4H-SiC samples were also examined at RT by Hall effect measurements and a contactless method at microwave frequencies. The results obtained are shown in Table 1 . One can see in this Table that all three SiC samples were of n-type electrical conductivity and they were low-resistivity materials. There is a good correlation between resistivity values obtained from both experimental methods. With increasing nitrogen doping of crystals, a rise of the net donor concentration was observed, while the opposite tendency was seen for the electron Hall mobility. By comparison of our electron Hall mobilities with data reported by Iwata et al. [12] one can expect in our samples charge compensation effects with the compensation ratio above 0.6. 
Summary
The growth of 4H polytype was the most effective for 10 vol.% of nitrogen doping. In this case, the 4H-SiC polytype uniformity of obtained crystals was ~95%. In 4H-SiC:N (10 vol. %) crystals the density of micropipes was similar to that in 6H-SiC seeds. For undoped SiC crystals an unstable growth of 4H polytype and inclusions of 6H and 15R polytypes were observed, which led to formation of polytype boundaries and an increase of the micropipe density. 
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